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Description 

Field of the Invention 

5 [0001] The present invention relates to a novel enzyme composition for use in clinical examination. More particularly, 
the present invention is concerned with a stabilized enzyme composition for use in clinical examination, comprising 
(a) an enzyme component comprising at least two enzymes selected from the group consisting of alkaline phosphatase, 
creatine kinase and alanine aminotransferase; (b) a stabilizer component comprising effective stabilizing amounts of 
an albumin, and at least one saccharide selected from the group consisting of trehalose and sorbitol; and (c) an aqueous 
10 medium having dissolved therein the components (a) and (b). 

[0002] The enzyme composition of the present invention is stable for a prolonged period of time not only under non- 
freeze refrigeration conditions, but also under freezing conditions or under conditions for non-freeze refrigeration after 
thawing of the frozen composition, as compared to conventional enzyme compositions. Specifically, with respect to 
each of at least two enzymes contained in the enzyme composition of the present invention, the activity can be main- 
's tained, for a prolonged period of time, in the liquid state or in the frozen state (i.e., in a non-lyophilized state). Therefore, 
the enzyme composition of the present invention is advantageous from the economical viewpoint and from the viewpoint 
of ease in handling. 

[0003] In a clinical examination for measuring the enzymatic activity in a sample, such as serum or the like, the 
enzyme composition of the present invention can be advantageously used for the purpose of checking the precision 
20 in measurement, correcting measured values and calibrating the activity of an enzyme in the sample. 

Prior Art 

[0004] In clinical examinations, for measuring the enzymatic activity in a sample, such as serum or the like, enzyme 

25 compositions are used for the purpose of checking the precision in measurement, correcting measured values and 
calibrating the amount and activity of an enzyme in the sample. At present, as such enzyme compositions, various 
compositions containing a single type of enzyme or containing an enzyme system comprising a plurality of types of 
enzymes which participate in consecutive reactions are commercially available. These enzyme compositions are used 
as control serum for checking the precision in measurement and as reference materials (standard materials) for rec- 

30 tifying differences between measured values obtained in different testing facilities, and also as calibrators for calibrating 
the amount and activity of enzymes. [With respect to the terms "control serum", "reference material" and "calibrator", 
which will be further explained below, reference can be made, for example, to "Kensa-to-Gijutsu (MODERN MEDICAL 
LABORATORY)", vol. 22, No. 8, p. 594, 1994]. Such an enzyme composition is prepared by adding the same enzyme 
as the enzyme to be determined to a serum product, such as pooled human serum, pooled animal serum, human 

35 albumin, bovine serum albumin or the like. 

[0005] As the enzyme to be added to a serum product in order to prepare an enzyme composition, various enzymes 
derived from human sources and animal sources have been reported. For example, as control sera, "Monitrol" and 
"Monitrol L" (registered trade marks; both manufactured and sold by International Reagents Corporation, Japan), each 
of which is produced by adding an enzyme from animal sources to pooled human serum, are commercially available 

40 as a lyophilized product and as a frozen product, respectively. As examples of commercially available reference ma- 
terials, there can be mentioned "SERACLEAR-HE" (trade name; manufactured and sold by NIPPON SHOJI KAISHA, 
Ltd., Japan) which is produced by adding an enzyme from established human cell lines or human source (erythrocyte) 
to pooled human serum, and "Enzyme reference" which is produced by adding the above-mentioned human-derived 
enzyme to bovine serum albumin. Among these commercially available enzyme compositions, with respect to those 

45 containing pooled human serum as a serum product, there is a danger that they have been contaminated with a known 
virus (such as HIV) or an unknown virus. Therefore, in use of such enzyme compositions containing pooled human 
serum, minute care is required for preventing biohazard. 

[0006] The enzymatic activity of each of these enzyme compositions is determined by using an enzymatic assay 
reagent specific for the enzyme in the enzyme composition. Generally, in the measurement of a catalytic activity, such 
50 as an enzymatic activity, the measured value greatly varies depending on not only the type and concentration of the 
substrate, but also the reaction conditions, such as pH and reaction temperature. 

[0007] In judging the condition of a patient by utilizing the enzymatic activity in a sample from the patient, such as 
serum or the like, wherein the enzymatic activity is measured by a diagnostic reagent, the above-mentioned fact that 
the measured value of enzymatic activity varies depending on the measuring conditions poses a serious problem. 
55 Further, various kits of reagents for measurement of an enzymatic activity are sold by many manufacturers. When a 
plurality of samples from the same lot are individually measured by using a plurality of reagent kits wherein the meas- 
uring conditions are greatly different among the measurements, largely different measured values are obtained with 
respect to the samples from the same lot, thus causing a confusion in the diagnosis. 
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[0008] In order to solve the above-mentioned problem, so-called "recommended methods", each of which prescribes 
detailed measuring conditions agreed to by many scientists, have been proposed by scientific societies. For example, 
there can be mentioned a recommended method proposed by the International Federation of Clinical Chemistry (IFCC) 
and a recommended method proposed by the Japan Society of Clinical Chemistry (JSCC). However, such recom- 

5 mended methods have a problem in that they do not use an automatic analyzer and, therefore, cannot be used in a 
testing facility which has to deal with a large number of samples in a day. Accordingly, for enabling the accuracy of 
such a recommended method to be directly reflected in the test results obtained by using an automatic analyzer, it 
becomes necessary to use a reference material which has been measured with respect to the enzymatic activity thereof 
by using the recommended method. Specifically, a measured value obtained routinely by means of an automatic an- 

10 alyzer using commercially available reagents can be corrected based on a standard value obtained by the measurement 
of a reference material using a recommended method, so that the enzymatic activity of a sample can be accurately 
measured to obtain a reliable value which does not depend on the measuring conditions. Thus, by using a reference 
material, differences among measured values obtained by different testing facilities can be suppressed to a minimum. 
[0009] As explained above, a reference material is used for reflecting the accuracy of a recommended method in a 

15 routine measuring method. Therefore, it is required that a reference material have the same properties as those of a 
human-derived sample. Recently, from the viewpoint of achieving the interchangeability of test data, the importance 
of reference materials have been greatly recognized, and a reference material produced using a human-derived en- 
zyme has also been commercially available. There exist a wide variety of human-derived enzymes. Some human- 
derived enzymes assume the form of isozymes, for example, derived from different organs, which isozymes are identical 

20 to one another in the enzymatic function but are different from one another in characteristics, such as specificity to 
organs. Further, the content of an enzyme in human-derived serum varies depending on the individual as a source of 
the serum and on the disease condition of the individual as a source of serum. For example, it is well known that there 
are various types of alkaline phosphatases which are derived from placenta, small intestine and a tumor cell, and these 
various types of alkaline phosphatases exhibit largely different levels of activity depending on the type of the buffer 

25 solution which is used for adding the enzyme thereto. 

[0010] On the other hand, control serum is generally used for checking the precision of the measurement of the 
enzymatic activity in a sample. Specifically, control serum is used for checking (based on the measured values obtained 
by the measurement using the control serum) whether or not reagents and equipment perform normal functions. Ac- 
cordingly, with respect to control serum, rather than the level of the enzymatic activity, it is important that the enzymatic 

30 activity of the control serum does not change for the period of time during which the measurement by using the control 
serum is conducted. 

[0011] On the other hand, a calibrator is used for determining a calibration factor for an enzyme to be tested. The 
calibrator is also used for checking the precision of the measurement of the enzymatic activity by a specific reagent 
for enzymatic activity. This means that the calibrator may function as control serum. Further, a material which is used 
35 for the calibration of the enzymatic activity of an enzyme may also be a reference material for the enzyme. Thus, in 
respect of the function and role in the measurement of enzymatic activity, it is considered that a calibrator is positioned 
between control serum and a reference material. 

[0012] These enzyme compositions are usually sold in the form of a lyophilized product, a liquid product or a frozen 
product. 

40 [0013] A lyophilized product has excellent storage stability, but has problems in that a denaturation of lipoprotein 
occurs during the lyophilization, so that a solution obtained by dissolving the lyophilized product in water or the like is 
likely to become turbid, and error in measuring the volume is likely to occur. Further, it has frequently been observed 
that the activity of an enzyme contained in a lyophilized product changes at the dissolution of the lyophilized product. 
For example, it has been reported that, with respect to a lyophilized product, large differences in activity are observed 

45 between vials of a single lot [see "Kensa-to-Gijutsu (MODERN MEDICAL LABORATORY)", vol. 20, No. 12, p. 1041, 
1992]. More illustratively, especially in the case of alkaline phosphatase, a serious problem is likely to occur. For ex- 
ample, it has been pointed out that alkaline phosphatase is reversibly deactivated by serum lipoprotein. Further, it has 
been observed that, when a commercially available lyophilized control serum is stored at 25 °C after being dissolved 
in water or the like, the alkaline phosphatase present in the serum exhibits a considerable increase in activity within 

50 24 hours from the dissolution [see "Seibutsu-Siryo-Bunseki (Journal of Analytical Bio-Science)", vol. 14, No.2, 1991]. 
Thus, with respect to alkaline phosphatase, there has been no lyophilized product which is satisfactory in respect of 
the suppression of a change in the alkaline phosphatase activity after dissolution. Further, it has also been reported 
that the temperature of a liquid (usually, water) used for dissolution affects the activity of an enzyme. For example, with 
respect to a lyophilized enzyme composition containing creatine kinase, it has been reported that a solution obtained 

55 by dissolving it in a dissolution liquid at 2 to 8 °C exhibits a creatine kinase activity higher than that of a solution obtained 
by dissolving it in a dissolution liquid at room temperature [see "Rinsyo-Kensa-Kiki-Shiyaku (The Journal of Clinical 
Laboratory, Instruments and Reagents)" vol. 15, No. 4, 1992]. From these reports, it can be concluded that the period 
during which a solution obtained by dissolving a lyophilized enzyme composition in a dissolution liquid is stable is as 
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short as one or two days. 

[0014] By contrast, with respect to a product in liquid or frozen state, it is not necessary to dissolve the product in a 
dissolution liquid (usually, water), so that the operation before usage is relatively easy, and an error in a dissolution 
operation does not occur. Further, the problem of the change in enzymatic activity at dissolution, which is disadvanta- 

5 geously large in the case of a lyophilized product, is eliminated. In using a frozen product, a thawing operation is 
necessary, whereas a product in liquid state can be used as it is, so that the use of products in liquid state has recently 
been increased also in the field of clinical biochemical examinations. A product in liquid state is also called a "reagent 
usable without reconstitution", since it can be used without a preparatory operation, such as thawing, dissolution or 
the like. Reagents usable without reconstitution enable simplification of operations and saving of man power in bio- 

10 chemical examination facilities. 

[0015] Therefore, in the future, enzyme compositions for use in clinical examinations, such as control serum, a ref- 
erence material, a calibrator and the like, would necessarily be provided as reagents usable without reconstitution. 
However, with respect to the above-mentioned enzyme compositions for use in clinical examinations, at the current 
technological level, it is impossible to provide them in the form of reagents usable without reconstitution. The only form 

15 of an enzyme composition which is practically usable at present is the frozen form. Moreover, with respect to a frozen 
product containing alkaline phosphatase, it is reported that a gradual increase in enzymatic activity is observed after 
thawing [see "Kensa-to-Gijutsu (MODERN MEDICAL LABORATORY)", vol. 20, No. 12, p. 1039, 1992]. Also, with 
respect to an enzyme composition containing creatine kinase frozen at -20 °C, it has been reported that a decrease 
in the activity of creatine kinase is observed when the freeze storage period exceeds 1 to 3 months [see "Kensa-to- 

20 Gijutsu (MODERN MEDICAL LABORATORY)", vol. 21, No. 5, extra issue, 1993]. Thus, frozen products available at 
present are not always satisfactory. 

[0016] In clinical examinations, alkaline phosphatase is useful not only as a tumor marker, but also as means for 
obtaining much information on the condition of disease. Creatine kinase has 3 isozymes and is extremely localized in 
specific organs, as compared to enzymes, such as alanine aminotransferase, aspartate aminotransferase and the like, 

25 which are widely used in clinical examinations at present. Most creatine kinase is present in skeletal muscles, cardiac 
muscle, smooth muscle and the brain. Accordingly, by determining creatine kinase, identification of injury of creatine 
kinase-related organs would be able to be made. Therefore, it is desired to develop a stabilized enzyme composition 
containing at least alkaline phosphatase and creatine kinase, especially in a liquid form or a frozen form, which can 
be used as control serum, a reference material or a calibrator. 

30 [0017] In general, an enzyme is a protein and, therefore, a solution of an enzyme is unstable. As a method for 
obtaining an enzyme having improved stability, a method is known in which a thermophilic microorganism is cultured 
and then, an enzyme is obtained from the resultant culture of the thermophilic microorganism. This method is effective 
because thermophilic microorganisms produce thermostable enzymes. In recent years, it has become possible to 
design or modify a thermostable enzyme, using the techniques of protein engineering, based on the information on 

35 the genes, amino acids, steric structures and the like of proteins. On the other hand, for improving the stability of an 
enzyme, various methods have been proposed in which the composition of a solution containing the enzyme is adjusted 
or modified. 

[001 8] For example, a polyol, such as glycerol, is known as a generally employed stabilizing agent. However, a vast 
plurality of types of enzymes are known, and their properties, such as optimum pH and the like, are also diversified. 
40 A stabilizing agent which is effective for all of the enzymes has not been reported. On the other hand, various reports 
have been made on the method for stabilizing a single specific enzyme. 

[0019] For example, a creatine kinase composition having improved stability, which is obtained by using as a stabi- 
lizing agent a protein having an unreactive sulfhydryl group, is disclosed in Unexamined Japanese Patent Application 
Laid-Open Specification No. 5-207880 (corresponding to U.S. Patent No. 5,217,890). Further, U.S. Patent No. 

45 5,298,406 discloses a creatine kinase composition having improved stability which comprises ascorbic acid and non- 
reducing polyol as stabilizers (antioxidants) and an aminoglycoside antibiotic as an antimicrobial agent. All of the above- 
mentioned stabilizers are intended to stabilize the SH group which is essential for the activity of creatine kinase. 
[0020] It has long been believed that, when a composition contains two or more enzymes, such as creatine kinase 
and alkaline phosphatase, it is difficult to find out conditions effective for stabilizing all of the enzymes in the composition, 

50 since the conditions effective for stabilizing an enzyme frequently render another enzyme unstable. For example, a 
magnesium ion is not only necessary for activating alkaline phosphatase [see "Koso Handobukku (Enzyme Hand- 
book)", p 434, published in 1 983 by Asakura Shoten, Japan], but also functions as a stabilizer for alkaline phosphatase. 
However, on the other hand, it is well known that the storage stability of creatine kinase is increased by the addition 
of a chelating reagent, which coordinate to a metal ion, such as magnesium ion, to form a chelate with the metal ion 

55 (see Clin. Chem., 23, 1119, 1977). Thus, a stabilizing agent for alkaline phosphatase and that for creatine kinase are 
opposite or incompatible to each other in properties. Further, since creatine kinase is an SH enzyme as described 
above, it is stabilized in the presence of a thiol compound, such as cysteine, mercaptoethanol, N-acetylcysteine, cystei- 
nyl-bovine serum albumin described in the above-mentioned Unexamined Japanese Patent Application Laid-Open 
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Specification. On the other hand, the presence of cysteinyl-bovine serum albumin renders alkaline phosphatase un- 
stable, and, as shown in Example 1 below, N-acetylcysteine also renders alkaline phosphatase unstable. 
[0021] Still further, it has been reported that the conditions effective for the stabilization of an enzyme composition 
in a liquid form is generally different from those effective for the stabilization of the enzyme composition in a frozen 

5 form, and therefore it is difficult to find out conditions under which an enzyme composition is stabilized either in a liquid 
form or in a frozen form. For example, the freeze storage stability of alkaline phosphatase is lowered by the addition 
of sucrose (see Example 5 of the present application). It has also been reported that the stability of lactate dehydro- 
genase is rather decreased at a low temperature [see Rinsho Kagaku (Clinical Chemistry) vol. 1 9, No. 2, 1 990], despite 
the fact that an enzyme is generally known to be more stable at a lower temperature. 

w [0022] In some cases of clinical examination, the activity of an enzyme (first enzyme) is measured utilizing another 
enzyme (second enzyme) which participates in the enzyme reaction together with the first enzyme. In recent years, a 
reagent kit for measurement of enzymatic activity, in which the above-mentioned second enzyme is contained in a 
stabilized form, has been developed as a kit of reagents usable without reconstitution. In the case of such an enzyme 
composition, the stability of the enzymatic activity is not very important as long as the enzymatic activity is maintained 

15 to some extent. Therefore, the enzyme may be contained in an excess amount in order to make up for a lowering of 
the enzymatic activity. However, with respect to an enzyme composition for use in a clinical examination for the purpose 
of checking the precision in measurement, correcting measured values and calibrating the amount or enzymatic activity 
of an enzyme, such as a reference material, a calibrator or control serum, the stability of the enzymatic activity is a 
very important factor influencing the commercial value of the enzyme composition. The stabilization of an enzyme 

20 composition for use in checking the precision in measurement, correcting measured values and calibrating the amount 
or enzymatic activity of an enzyme is very difficult not only for the reasons described above but also because the 
concentration of the enzyme is very small. 

[0023] In these situations, it has been desired to develop a stabilized enzyme composition containing at least two 
enzymes (at least two enzymes selected from the group consisting of alkaline phosphatase, creatine kinase and alanine 
25 aminotransferase), wherein each of the enzymes exhibits almost no lowering of activity during storage, which enzyme 
composition can be advantageously used for checking the precision in measurement, correcting measured values and 
calibrating the amount or enzymatic activity of an enzyme. 

SUMMARY OF THE INVENTION 

30 

[0024] In these situations, the present inventors have made extensive and intensive studies with a view toward 
developing a stabilized enzyme composition which contains at least two enzymes selected from the group consisting 
of alkaline phosphatase, creatine kinase and alanine aminotransferase which are important in clinical examination, 
which composition can be advantageously used in clinical examination for checking of the precision in measurement, 

35 correction of a measured value, and/or calibration. As a result, it has unexpectedly been found that, when a combination 
of a specific saccharide and an albumin is used as a stabilizer for an enzyme composition, all of the enzymes contained 
in the enzyme composition can maintain their respective activities for a prolonged period, not only in a liquid form 
without experiencing freezing, but also in a frozen form and in a liquid form after thawing of the once frozen product, 
as compared to a conventional enzyme composition containing only one enzyme which is commercially available and 

40 is used for the same purpose as mentioned above. The present invention has been completed, based on the above 
finding. 

[0025] Therefore, it is a primary object of the present invention to provide an enzyme composition for use in clinical 
examination, containing at least two enzymes selected from the group consisting of alkaline phosphatase, creatine 
kinase and alanine aminotransferase, wherein the activities of all of the enzymes contained in the enzyme composition 
45 are stabilized, so that the composition is not only advantageous from an economical viewpoint, but also useful as 
control serum, a reference material or a calibrator which enables extremely reliable measurement with very small 
variation in measured values, as compared to the conventional enzyme compositions containing only one enzyme. 

DETAILED DESCRIPTION OF THE INVENTION 

50 

[0026] Essentially, in the present invention, there is provided a stabilized enzyme composition for use in clinical 
examination, comprising: 

(a) an enzyme component comprising at least two enzymes selected from the group consisting of alkaline phos- 
55 phatase, creatine kinase and alanine aminotransferase; 

(b) a stabilizer component comprising effective stabilizing amounts of an albumin, and at least one saccharide 
selected from the group consisting of trehalose and sorbitol; and 

(c) an aqueous medium having dissolved therein the components (a) and (b). 
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[0027] By virtue of the presence of a stabilizer component comprising an albumin, and at least one saccharide se- 
lected from the group consisting of trehalose and sorbitol, the enzyme composition of the present invention exhibits 
excellent stability, with respect to the activities of all of the enzymes contained in the composition, not only under 
freezing conditions but also under non-freeze refrigeration conditions, irrespective of whether or not the composition 

5 has an experience of being frozen. 

[0028] In an essential aspect of the present invention, the enzyme component of the enzyme composition comprises 
a plurality of enzymes, namely, at least two enzymes selected from the group consisting of alkaline phosphatase (ALP) 
(EC.3. 1.3.1), creatine kinase (CK) (EC. 2. 7.3. 2) and alanine aminotransferase (ALT) (EC. 2. 6.1 .2), differing from the 
conventional enzyme composition containing a single enzyme. Representative examples of combinations of at least 

10 two enzymes include a combination of two enzymes ALP and CK, and a combination three enzymes ALP, CK and ALT. 
[0029] Further, in the present invention, it is preferred that the enzyme component of the enzyme composition further 
comprises at least one additional enzyme selected from the group consisting of aspartate aminotransferase (AST) 
(EC.2.6.1 .1 ), lactate dehydrogenase (LDH) (EC.1 .1 .1 .27) and y-glutamyl transpeptidase (y-GTP) (EC. 2. 3. 2.2). Repre- 
sentative examples of at least one additional enzyme include AST singly used, and a combination of three enzymes 

15 AST, LDH and y-GTP. 

[0030] It is most preferred that the enzyme component of the enzyme composition of the present invention comprises 
ALP, CK and ALT, as enzyme component (a), and AST, LDH and y-GTP as additional enzymes. 
[0031 ] When the composition of the present invention comprises the components described in the above-mentioned 
essential aspect of the present invention, it is preferred that, when selected as a constituent of the enzyme component 
20 (a), the alkaline phosphatase is present in a concentration of from 9 to 6500 U, the creatine kinase is present in a 
concentration of from 6 to 4000 U, and the alanine aminotransferase is present in a concentration of from 3 to 1150 
U, each per liter of the composition. 

[0032] With respect to the effective stabilizing amount of the stabilizer component (b), it is preferred that the albumin 
is present in a concentration of from 0.3 to 7 (w/v)%, and the at least one saccharide selected from the group consisting 
25 of trehalose and sorbitol is present in a concentration of from 2 to 15 (w/v)%, each based on the volume of the com- 
position. 

[0033] Examples of albumins used as a part of the stabilizer component include an albumin obtained from a mammal, 
such as human serum albumin and bovine serum albumin (BSA), and an albumin obtained from a bird, such as chick 
serum albumin. As these albumins, commercially available albumins can be used. It is preferred that the concentration 
30 of the albumin in the enzyme composition of the present invention is from 0.3 to 7 (w/v)%, more preferably from 1 to 
5 (w/v)%. 

[0034] At least one saccharide used as a part of the stabilizer component is selected from the group consisting of 
trehalose and sorbitol. It is preferred that the concentration of the at least one saccharide in the enzyme composition 
of the present invention is from 2 to 15 (w/v)%, more preferably from 3 to 10 (w/v)%. For controlling the viscosity of 
35 the composition with ease and for achieving a satisfactory stabilizing effect, the concentration of the at least one sac- 
charide is preferred to fall within the range mentioned above. If desired, the at least one saccharide can be a mixture 
of sorbitol and trehalose. 

[0035] When the enzyme component (a) further comprises the at least one additional enzyme selected from the 
group consisting of aspartate aminotransferase, lactate dehydrogenase and y-glutamyl transpeptidase, it is preferred 

40 that, when selected as the additional enzyme, the aspartate aminotransferase is present in a concentration of from 3 
to 1 1 50 U, the lactate dehydrogenase is present in a concentration of from 8 to 4000 U, and the y-glutamyl transpepti- 
dase is present in a concentration of from 2 to 1 200 U, each per liter of the composition. If desired, amylase, lipase or 
the like can be added to the composition. It is preferred that, when added to the composition, amylase is present in a 
concentration of from 25 to 1000 U, and lipase is present in a concentration of from 5 to 1000 U, each per liter of the 

45 composition. 

[0036] With respect to the activity of an enzyme, the amount of the enzyme required to convert 1 jumol of the substrate 
at 37 °C is defined as 1 U. For example, with respect to each of ALP, CK, ALT, AST and LDH, the activity thereof can 
be determined by the consensus method which is the same method as the recommended method proposed by the 
Japanese Society of Clinical Chemistry ["Rinsho Kagaku (Japanese Journal of Clinical Chemistry)", vol. 19, p. 184 and 

50 p.209 (1 990); ivid, vol. 1 8, p. 21 1 and p.226 (1 989); ivid, vol. 1 9, p. 228 (1 990)], except that the measurement temperature 
is changed from 30 °C to 37 °C, or can be determined by using commercially available reagents (such as reagents 
used in the Examples mentioned below) for the determination of the enzymatic activity of a respective enzyme. The 
activity of y-GTP can be determined by using a commercially available kit for the determination of the activity of the 
enzyme ('Determiner y-GTP', manufactured and sold by KYOWA MEDEX Co., Ltd., Japan), which kit uses y-glutamyl- 

55 3,5-dibromo-4-hydroxyanilide as a substrate. This substrate is converted by the action of y-GTP to 3,5-dibromo-4-hy- 
droxyanilide (DBHA), and the generated DBHA is oxidatively condensed with 1 -N-ethyl-N-(3-methylphenol)-N-succinyl 
ethylenediamine (EMSE) by the action of a monophenol monooxygenase (MPO), such as ascorbate oxydase, laccase 
or the like, to thereby generate a green condensate exhibiting an absorption at a wavelength of 710 nm. The activity 
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of y-GTP can be determined by colorimetric determination of the condensate. 

[0037] With respect to the origin of the enzymes used for producing the enzyme composition of the present invention, 
there is no particular limitation as long as the enzymes are suitable as a component for an enzyme composition which 
is provided in a liquid form or frozen form. However, it is preferred that each of the enzymes is derived from an animal, 

5 more preferably from human. 

[0038] With respect to the enzymes derived from an animal, examples of alkaline phosphatase (ALP) include bovine 
kidney ALP (catalog No. P6680, Sigma Chemical Company, U.S.A.), bovine intestinal ALP (catalog No. P0280, Sigma 
Chemical Company, U.S.A.), hog kidney ALP (catalog No. P4439, Sigma Chemical Company, U.S.A.), chick intestinal 
ALP (catalog No. P8008, Sigma Chemical Company, U.S.A.) and the like. Examples of creatine kinase (CK) include 

10 bovine heart CK (catalog No. C7886, Sigma Chemical Company, U.S.A.), hog heart CK [tradename: 'Monitrol (L)', 
International Reagents Corporation, Japan], chick heart CK (tradename: 'Control WAKO', Wako Pure Chemical Indus- 
tries Ltd., Japan), rabbit muscle CK (catalog No. C3755, Sigma Chemical Company, U.S.A.) and the like. Examples 
of aspartate aminotransferase (AST) include bovine heart AST (tradename: 'Monitrol II', International Reagents Cor- 
poration, Japan), hog heart AST (catalog No. G2751, Sigma Chemical Company, U.S.A.) and the like. Examples of 

15 alanine aminotransferase (ALT) include bovine heart ALT (tradename: 'Monitrol II', International Reagents Corporation, 
Japan), hog heart ALT (catalog No. G8225, Sigma Chemical Company, U.S.A.) and the like. Examples of lactate de- 
hydrogenase (LDH) include chick heart LDH (catalog No. L9126, Sigma Chemical Company, U.S.A.), hog heart LDH 
(catalog No. L2881, Sigma Chemical Company, U.S.A.) and the like. Examples of 7-glutamyl transpeptidase (y-GTP) 
include bovine kidney y-GTP (catalog No. G4135, Sigma Chemical Company, U.S.A.), hog kidney y-GTP (catalog No. 

20 G2262, Sigma Chemical Company, U.S.A.) and the like. 

[0039] An enzyme used in the present invention can be obtained from a biological material, derived from a human 
body, containing the enzyme, such as serum, erythrocytes, urine or the like; from a culture of cells, derived from human, 
capable of producing the enzyme; or from a culture of transformed cells, to which a human gene coding for the enzyme 
has been integrated by gene recombination technique, capable of producing the enzyme. Examples of enzymes ob- 

25 tained from a biological material derived from a human body include AST and LDH each obtained from erythrocyte, 
and y-GTP obtained from urine. Each of these enzymes can be obtained from the above-mentioned biological material 
by conventional methods. Preferred examples of cells derived from human include human hepatitis cancer cell strain 
BRL68 (deposited at ATCC under the accession number CL-48), human Burkitt's lymphoma cell strain Namalwa cell 
(deposited at ATCC under the accession number CRL-1 432), human promyeloid leukemia cell strain HL-60 (deposited 

30 at ATCC under the accession number CCL-240) and the like. The above-mentioned enzymes can be obtained from 
cultures of these cells by conventional methods. 

[0040] With respect to each of the enzymes used in the present invention, there have been a number of reports 
about cDNA coding for the enzyme obtained from animals or human. Therefore, it is possible to obtain the enzyme 
from a culture of transformed cells, to which the gene coding for the enzyme has been integrated. With respect to the 

35 cells used to obtain the culture of transformed cells, use can be made of not only the cells derived from human, but 
also the cells derived from an animal other than human, such as CHO cells derived from a Chinese hamster. Further, 
even cells of microorganisms, such as Escherichia coli, can be used to obtain the culture of transformed cells. In the 
present invention, if desired, each of the above-mentioned enzymes (including the enzymes obtained using the cells 
of an animal and the enzymes obtained from a biological material derived from a human body, or from a culture of cells 

40 derived from human) can be purified by using various conventional methods (such as column chromatography) in 
combination, before the enzyme is used to prepare the composition of the present invention. 

[0041] In the present invention, when the enzyme composition contains alkaline phosphatase, an ionic magnesium 
(preferably, magnesium chloride) is generally added to the composition in an amount such that the composition has a 
magnesium concentration of from 0.05 to 30 mM, preferably from 0.1 to 5 mM for stabilizing the composition. 

45 [0042] With respect to the aqueous medium used as component (c) of the present invention, there is no particular 
limitation, as long as the aqueous medium has a buffer capacity to maintain the pH of the enzyme composition at a 
level around neutral pH, preferably around 7 to 8. For example, as component (c), a Good's buffer solution (which can 
be prepared, for example, by dissolving a buffer, such as PIPES, HEPES or BES, in distilled water, followed by adjusting 
the pH of the resulting solution by NaOH), a phosphate buffer solution or the like can be used in a concentration of 

50 from 5 to 200 mM, preferably from 1 0 to 1 00 mM. If desired, an antiseptic agent or the like can be added to the aqueous 
medium. 

[0043] As mentioned above, the enzyme composition of the present invention exhibits excellent storage stability, not 
only when the composition is stored in a frozen form, but also when the composition is stored in a liquid form under 
non-freeze refrigeration conditions irrespective of whether or not the composition has an experience of being frozen. 
55 That is, the advantageous effect of the composition of the present invention can be achieved irrespective of whether 
the composition is in a liquid form or a frozen form. 

[0044] Since the enzymatic activity of the enzyme composition of the present invention is to be compared with the 
enzymatic activity of a biological sample, such as serum, plasma or the like, it is preferred that the physicochemical 
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properties of the enzyme composition of the present invention, such as viscosity, specific gravity or the like, are similar 
to those of the biological sample to be tested. In general, when there is a difference in physicochemical properties 
between a biological sample (in many cases serum) and an enzyme composition, an error frequently occurs in effecting 
sampling by an automatic analyzer, so that accurate determination of the enzymatic activity cannot be performed 
["Kensato Gijutu (Examination and Technology)", Vol.1 7, No. 2, 1 989]. Further, it should be noted that when a stabilizer 
is added to an enzyme composition, the physicochemical properties of the enzyme composition actually, frequently 
become much different from those of serum than those of the enzyme composition before the addition of the stabilizer. 
[0045] By contrast, the physicochemical properties of the enzyme composition of the present invention, such as 
viscosity, specific gravity or the like, can be easily caused to approximate to those of a biological sample to be tested, 
e.g. serum. The viscosity and specific gravity of human serum have been reported to be in the range of from 1 .07 to 
1.39 cP (as measured at 37 °C) and in the range of from 1.0180 to 1.0244 (as measured at 25 °C), respectively, 
although they are different among individuals [see the Research Reports by HEM (human-derived enzyme materials) 
working groups, p. 21, June, 1992]. As mentioned above, the composition of the present invention can be provided in 
a liquid form or a frozen form. It is preferred that the composition of the present invention has a specific gravity of from 
1 .01 5 to 1 .030 at 25 °C, and a viscosity of from 1 .05 to 1 .40 cP at 37 °C respectively, each as directly measured when 
the composition is in a liquid form, or as measured after thawing the composition when the composition is in a frozen 
form. For example, when sorbitol as a saccharide and BSA as an albumin are used in the composition of the present 
invention, wherein the content of BSA is 3 % and the content of sorbitol is 3 %, the composition has a viscosity of 1 . 1 8 
cP and a specific gravity of 1 .01 839. When the content of BSA is 3 % and the content of sorbitol is 5 %, the composition 
has a viscosity of 1.30 cP and a specific gravity of 1.02508. These viscosity and specific gravity values fall almost 
within the above-mentioned ranges of the viscosity and specific gravity of human serum. The viscosity is measured 
under the conditions of 37 °C, 50 rpm and 48 cones by means of Biorheolizer (manufactured and sold by Toki Sangyo 
Co., Ltd., Japan). The specific gravity is measured at 25 °C by means of Gay-Lusac pycnometer. 
[0046] The enzyme composition of the present invention can be prepared, for example, at a low temperature, pref- 
erably at 2 to 8 °C, by the following method. That is, the enzyme composition of the present invention can be prepared 
by weighing each of the components (a) to (c), dissolving each of the components (a) and (b) in component (c) (an 
aqueous medium) in predetermined concentrations, and adjusting the pH of the resultant solution. Further, the obtained 
composition may be dispensed in glass containers, such as vials, in an amount of from 1 to 1 0 ml per container. The 
dispensed composition may be used as such, or frozen at -20 °C or less by means of a freezing machine as soon as 
possible after the preparation thereof, and stored in the frozen state. The enzyme composition in the frozen state is 
used after it has been thawed spontaneously at room temperature, preferably at 2 to 25 °C, and homogenized. 
[0047] When the enzyme composition of the present invention is used as control serum, a reference material or a 
calibrator in clinical examination for the determination of an enzymatic activity, the activity of each of the enzymes 
contained in the composition can be determined by the same method as that for determining an enzymatic activity in 
a biological sample, such as serum, using reagents appropriate for determination of the enzymatic activity. Specifically, 
when the enzyme composition is in a liquid form, it can be used as such; and when the composition is in a frozen form, 
it can be used after thawing of the frozen composition. A portion of the composition dispensed in a vial is sampled into 
a sample cup of an automatic analyzer in an amount of, for example, 0.1 to 0.5 ml, and then the sample cup is set in 
the automatic analyzer. The composition of the present invention can be stored under non-freeze refrigeration condi- 
tions at, for example, 2 to 8 °C for at least 1 week after preparation. During this storage period, the activity of any of 
the enzymes contained in the composition is stable and undergoes no lowering. When the composition is not used 
immediately after preparation, the composition can be stored in the frozen state at -20 °C or less and used after being 
thawed. In this case, the activity of any of the enzymes contained in the composition stored in the frozen state at -20 
°C or less is stable and undergoes no lowering for at least 15 months. Further, when the frozen composition is thawed 
and stored at 2 to 8 °C, the activity of each of the enzymes can be maintained for 1 week, as in the case of the 
composition immediately after preparation. 

[0048] That is, the enzyme composition of the present invention is a stabilized enzyme composition suitable for use 
in clinical examination, which can be stably stored and suffers almost no lowering of the activity of any of the enzymes 
contained in the composition for a relatively long period of time, namely, for at least 1 week after preparation under 
non-freeze refrigeration conditions at 2 to 8 °C; for at least 15 months under freezing conditions (in which the compo- 
sition is in the frozen state) at -20 °C or less; and for at least 7 days under conditions for non-freeze refrigeration at 2 
to 8 °C after thawing of the frozen composition. The enzyme composition of the present invention is generally used in 
an amount of from about 5 to about 500 jllI in every measurement operation in clinical examination. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0049] The present invention will be further illustrated in more detail with reference to the following Reference Ex- 
amples and Examples, which should not be construed as limiting the scope of the present invention. 
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[0050] The measurement of the enzymatic activity in Reference Examples and Examples was conducted at 37 °C 
using the following commercially available reagents. When the activity of y-glutamyl transpeptidase (y-GTP) was meas- 
ured, the calibrator attached to the reagents was used for determining the enzymatic activity. With respect to the en- 
zymes other than y-GTP, the enzymatic activity was determined by a method using the calibration factor (K factor) 
5 which is obtained by the measurement using an indicator compound [see "Kensa-to-Gijutsu" (MODERN MEDICAL 
LABORATORY)", vol.25, No. 5, p223, Extra issue in 1993]. An auto-analyzer (7070 type manufactured and sold by 
Hitachi, Ltd., Japan) was used for the measurement of the enzymatic activity. 
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aspartate aminotransferase 
(AST) 

alanine aminotransferase 
(ALT) 

y-glutamyl transpeptidase 

(y-GTP) 
alkaline phosphatase 

(ALP) 
creatine kinase 

(CK) 

lactate dehydrogenase 
(LDH) 


GOTII-HA test-WAKO (manufactured and sold by WAKO PURE CHEMICAL 
Industries Ltd., Japan) 

GPTII-HA test-WAKO (manufactured and sold by WAKO PURE CHEMICAL 
Industries Ltd., Japan) 

Determiner y-GTP (manufactured and sold by KYOWA MEDEX Co., Ltd., Japan) 

ALPII-HA test-WAKO (manufactured and sold by WAKO PURE CHEMICAL 
Industries Ltd., Japan) 

CPKII-HA test-WAKO (manufactured and sold by WAKO PURE CHEMICAL 
Industries Ltd., Japan) 

LDHII-HA test-WAKO (manufactured and sold by WAKO PURE CHEMICAL 
Industries Ltd., Japan) 



Reference Example 1 

25 

[0051] Human promyeloid leukemia cell strain HL-60 (deposited at ATCC under the accession number CCL-240) 
was dispersed in a RPMI-1640 medium (manufactured and sold by Sigma Chemical Company, USA) containing fetal 
bovine serum added thereto in an amount of 1 0 % (v/v), so that the resultant suspension had a cell density of 1 x 1 0 5 
cells/ml. 1.5 Liters of the obtained cell suspension were charged into a 2 liter spinner flask and were subjected to 

30 

suspension culture with agitation for 5 days in a carbon dioxide incubator which was set to have 37 °C and an atmos- 
phere consisting of air (95 %) and carbon dioxide (5 %). The cultured cells were separated by means of a centrifuge 
and then, disrupted by ultrasonication. The enzymatic activity of the supernatant was measured with respect to the 
cell density of 10 7 cells/ml. As a result, 6435 U/liter of LDH, 260 U/liter of AST and 5300 U/liter of CK were detected. 
The supernatant of the mixture obtained by the disruption of the cultured cells was subjected to ammonium sulfate 
35 fractionation, and then to column chromatographic fractionation using DEAE-Sepharose CL-6B column (manufactured 
and sold by Pharmacia Fine Chemicals AB, Sweden), to thereby obtain a mixed fraction of AST and LDH and a CK 
fraction. The mixed fraction of AST and LDH was subjected again to column chromatographic fractionation using Blue- 
Sepharose CL-6B column (manufactured and sold by Pharmacia Fine Chemicals AB, Sweden), so that AST was ob- 
tained from the fraction passing through the column and LDH was obtained from the fraction adsorbed on the column. 

40 

Reference Example 2 



[0052] Human fetal hepatic cell strain BRL68 (deposited at ATCC under the accession number CL-48) was dispersed 
in a commercial MEM medium containing fetal bovine serum added thereto in an amount of 10 % (v/v), so that the 
resultant suspension had a cell density of 2.5 x 1 0 4 cells/ml. 200 ml of the obtained cell suspension was charged into 
each of 225 ml flasks for tissue culture [manufactured and soled by Sumitomo Bakelite Co., Ltd., Japan] and was 
subjected to static culture for 4 days in a carbon dioxide incubator which was set to have 37 °C and an atmosphere 
consisting of air (95 %) and carbon dioxide (5 %). 0.01 % (w/v) trypsin solution (manufactured and soled by GIBCO, 
USA) was added to the cultured cells so as to remove the cultured cells from the inner surface of the flask. The cells 
were collected by means of acentrifuge and then, disrupted by ultrasonication. The enzymatic activity of the supernatant 
was measured with respect to the cell density of 10 7 cells/ml, and 14650 U/liter of LDH, 811 U/liter of AST and 1473 
U/ml of ALP were detected. The supernatant of the mixture obtained by the disruption of the cultured cells was subjected 
to ammonium sulfate fractionation, and then to column chromatographic fractionation using Blue-Sepharose CL6B 
column (manufactured and sold by Pharmacia Fine Chemicals AB, Sweden). ALP was obtained from the fraction 
passing through the column. 
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Example 1 

[0053] Enzyme compositions having the following composition were provided: 

5 20 mM PIPES-NaOH (pH 7.5), 

3 % BSA (bovine serum albumin) (manufactured and sold by Sigma Chemical Company USA), 

500 U/liter ALP (hog kidney-derived; manufactured and sold by Sigma Chemical Company, USA), and 

250 U/liter CK (rabbit muscle-derived; Boehringer-Mannheim GmbH, Germany). 

10 [0054] From the enzyme compositions, the following samples were prepared: 

(1) a sample having the above composition, which contains ALP and CK, 

(2) a sample which was prepared by adding 1 mM of N-acetylcysteine (manufactured and sold by Sigma Chemical 
Company, USA) to sample (1) above, 

15 (3) a sample which was prepared by adding 0.5 mM of magnesium chloride to sample (1 ) above, 

(4) a sample which was prepared by adding 5 % sorbitol (manufactured and sold by WAKO PURE CHEMICAL 
Industries, Japan) to sample (1) above, and 

(5) a sample which was prepared by adding 0.5 mM of magnesium chloride and 3 % sorbitol to sample (1 ) above. 

20 [0055] The residual enzymatic activity after the storage at 37 °C for one day was measured with respect to each of 
samples (1) to (5). The respective residual activities (%) of ALP and CK are shown in Table 1 with respect to each 
sample. 
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Table 1 

Residual activity (%) after storage at 37 °C for one day 
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(1) 
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ALP 
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CK 
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N- acetyl cys t eine 


ALP 


34 
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CK 
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25 




(3) 
MgClo 


ALP 
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CK 


63 


30 
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Sorbitol 


ALP 


98 






CK 


99 


35 


Present 
inven- 
tion 


(5) 

Sorbitol 


ALP 


100 










40 




MgCl 2 


CK 


99 



[0056] As shown in Table 1 , with respect to sample (1 ) in which only BSA was added to a buffer solution of enzymes, 
the respective residual activities of ALP and CK were caused to lower as compared to the original activities. With 

45 respect to sample (2) in which N-acetylcysteine was added, the residual activity of ALP was caused to lower even as 
compared to that in sample (1 ), although the residual activity of CK was a little improved as compared to that in sample 
(1). With respect to sample (3) which had magnesium chloride added thereto, contrary to the case of sample (2), the 
residual activity of ALP was a little improved as compared to that in sample (1), whereas the residual activity of CK 
was caused to lower as compared to that in the sample (1). By contrast, with respect to samples (4) and (5), both of 

50 which are the stabilized enzyme compositions of the present invention, almost no lowering of the activity of each of 
ALP and CK was observed. 

Example 2 

55 [0057] Enzyme compositions having the following composition were provided: 
20 mM BES-NaOH (pH 7.5), 

3 % BSA (manufactured and sold by Sigma Chemical Company, USA), 
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0.5 mM magnesium chloride, 
2 mM alanine, 

526 U/liter ALP (hog kidney-derived; manufactured and sold by Sigma Chemical Company, USA), 

303 U/liter CK (rabbit muscle-derived; Boehringer-Mannheim GmbH, Germany), and 

108 U/liter ALT (hog heart-derived; manufactured and sold by Sigma Chemical Company, USA). 

[0058] To the above-provided enzyme compositions were respectively added trehalose, sorbitol, mannitol, galactose 
and lactose, each in a concentration of 5%. 

[0059] With respect to each of the resultant samples containing a saccharide, the storage stability in a liquid form 
was examined after the storage at 5 °C and the storage stability in a frozen form was examined after the storage at 
-20 °C. 

[0060] The respective residual activities (%) of the enzymes after the storage at 5 °C for 3 weeks are shown in Table 
2. The respective residual activities (%) of the enzymes after the storage at -20 °C for 3 weeks are shown in Table 3. 



Table 2 

Residual activity (%) after storage at 5 °C for 3 weeks 
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Table 3 

Residual activity (%) after storage at -20 °C for 3 weeks 
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98 
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[0061] As shown in Table 2, when the samples were stored at 5 °C for 3 weeks, with respect to the residual activity 
of each of the samples respectively having galactose and lactose added thereto, the activity of ALT was caused to 
lower by approximately 10 % as compared to the original activity. With respect to the residual activity of each of the 
sample containing no saccharide and the sample having mannitol added thereto, the activity of ALT was caused to 
35 lower by approximately 5 % as compared to the original activity. The activity of ALP was maintained at substantially 
the same level as the original level of activity, with respect to all of the samples (including the sample containing no 
saccharide). The activity of CK was caused to lower by approximately 5 % with respect to the samples falling outside 
the scope of the present invention. 

[0062] As shown in Table 3, when the samples were stored at -20 °C for 3 weeks, with respect to the residual activity 
40 of the sample containing no saccharide, the activity of CK was caused to lower by approximately 5 % as compared to 
the original activity. With respect to the sample having mannitol added thereto, the activity of ALT was caused to lower 
by approximately 1 8 %, the activity of ALP was caused to lower by approximately 6 % and the activity of CK was caused 
to lower by approximately 8 %, as compared to the respective original activities. 

[0063] By contrast, with respect to the samples respectively having sorbitol and trehalose added thereto, both of 
45 which are the stabilized enzyme compositions of the present invention, almost no lowering of the activity of each of 
the enzymes contained therein was observed under both storage conditions of 5 °C and -20 °C. 

Example 3 

50 [0064] Enzyme compositions having the following composition were provided: 
20 mM PIPES-NaOH (pH 7.5), 

0.3 % BSA (manufactured and sold by Sigma Chemical Company, USA), 
0.5 mM magnesium chloride, 
55 0.5 mM calcium chloride, 

10 mM sodium glutamate 

536 U/liter ALP (hog kidney-derived; manufactured and sold by Sigma Chemical Company, USA), 
301 U/liter CK (rabbit muscle-derived; Boehringer-Mannheim GmbH, Germany), 
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1 00 U/liter AST (hog heart-derived; manufactured and sold by Sigma Chemical Company, USA), and 
108 U/liter ALT (hog heart-derived; manufactured and sold by Sigma Chemical Company, USA). 

[0065] From the above enzyme compositions were prepared three samples, namely, a sample having 5 % sucrose 
5 added thereto, a sample having 5 % trehalose added thereto, and a sample having no saccharide added thereto. 
[0066] Each of the samples was stored at -20 °C in a frozen form. The respective residual activities (%) of the samples 
after the storage at -20 °C for 6 months are shown in Table 4. 
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Table 4 

Residual activity (%) after storage at -20 °C for 6 months 
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[0067] As shown in Table 4, when the samples were stored at -20 °C for 6 months, with respect to the sample having 
sucrose added thereto, the activity of ALP was caused to lower by approximately 15 % as compared to the original 
activity. With respect to the sample containing no saccharide, the activity of ALP was caused to lower by approximately 
35 1 o % as compared to the original activity. By contrast, with respect to the sample having trehalose added thereto, which 
is the stabilized enzyme composition of the present invention, almost no lowering of the activity of each of AST, ALT, 
ALP and CK was observed. 



Example 4 

40 

[0068] Enzyme compositions having the following composition were provided: 
20 mM BES-NaOH (pH 7.5), 

3 % BSA (manufactured and sold by Sigma Chemical Company, USA), 
45 2 mM magnesium chloride, 

0.05 % sodium azide, 

109 U/liter ALP (obtained from human fetal hepatic cell strain BRL 68 by the same method as in the Reference 
Example 2), 

61 U/liter CK (obtained from human promyeloid leukemia cell strain HL-60 by the same method as in the Reference 
50 Example 1), 

38 U/liter AST (obtained from human promyeloid leukemiacell strain HL-60 by the same method as in the Reference 
Example 1), 

34 U/liter ALT (hog heart-derived; manufactured and sold by Sigma Chemical Company, USA), 
31 U/liter y-GTP (bovine kidney-derived; manufactured and sold by Sigma Chemical Company, USA), and 
55 1 03 U/liter LDH (obtained from human promyeloid leukemia cell strain HL-60 by the same method as in the Ref- 

erence Example 1). 

[0069] From the above enzyme compositions, the following samples were prepared: 
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(1) a sample which was prepared by adding trehalose to the above enzyme composition so that the sample had 
a trehalose concentration of 0.5 %, 

(2) a sample which was prepared by adding trehalose to the above enzyme composition so that the sample had 
a trehalose concentration of 2 %, 

5 (3) a sample which was prepared by adding trehalose to the above enzyme composition so that the sample had 

a trehalose concentration of 5 %. 

[0070] The residual enzymatic activity after the storage at 5 °C and -20 °C for 7 days was measured with respect to 
each of samples (1) to (3) to examine the influence of the concentration of trehalose on the enzymatic activity. The 
10 respective residual activities (%) of the enzymes after the storage at -20 °C for 7 days are shown in Table 5 and the 
respective residual activities (%) of the enzymes after the storage at 5 °C for 7 days are shown in Table 6. 



Table 5 

15 

Residual activity (%) after storage at -20 °C for 7 days 
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Table 6 

40 

Residual activity (%) after storage at 5*C for 7 days 
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[0071] As shown in Table 5, when the samples were stored at -20 °C for 7 days, any one of the enzyme components 
showed almost no lowering of the activity except that, with respect to sample (1) which had 0.5 % trehalose added 
thereto, the activity of ALT was caused to a little lower as compared to the original activity. Whereas, as shown in Table 
6, when the samples were stored at 5 °C for 7 days, the activity of LDH was caused to lower by 10 % with respect to 

5 the sample (1) which had 0.5 % trehalose added thereto, indicating that the above enzyme composition was not sta- 
bilized at 5 °C by adding trehalose in an amount of 0.5% or so. In this connection, it is to be noted that, in the case of 
the storage at 25 °C for 7 days, the activity of LDH was maintained at the original level at trehalose concentrations of 
0.5 %, 2% and 5%. It is suggested that LDH is unstable at lower temperatures. This inactivation of LDH at lower 
temperatures was not observed with respect to the samples respectively having 2 % and 5 % trehalose added thereto. 

10 The above shows that 2 % or more trehalose is required to stabilize the above enzyme compositions. 

Example 5 

[0072] Enzyme compositions of the following composition were provided: 

15 

20 mM PIPES-NaOH (pH 7.5), 

3 % BSA (manufactured and sold by Sigma Chemical Company, USA), 
2 mM magnesium chloride, 
0.05 % sodium azide, 

20 462 U/liter ALP (obtained from human fetal hepatic cell strain BRL 68 by the same method as in the Reference 

Example 2), 

282 U/liter CK (obtained from human promyeloid leukemia cell strain HL-60 by the same method as in the Reference 
Example 1), 

100 U/liter AST (obtained from human promyeloid leukemia cell strain HL-60 by the same method as in the Ref- 
25 erence Example 1), 

118 U/liter ALT (hog heart-derived; manufactured and sold by Sigma Chemical Company, USA), 
146 U/liter y-GTP (bovine kidney-derived; manufactured and sold by Sigma Chemical Company, USA), and 
235 U/liter LDH (obtained from human promyeloid leukemia cell strain HL-60 by the same method as in the Ref- 
erence Example 1). 

30 

[0073] From the above enzyme compositions, the following samples were prepared: 

[0074] To the above-provided enzyme compositions were respectively added sorbitol, trehalose, mannitol and su- 
crose, each in a concentration of 5 %. 

[0075] The storage stability in a frozen form was examined after the storage at -20 °C. The respective residual 
35 activities (%) of the enzymes after the storage at -20 °C for 9 months are shown in Table 7. 
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Table 7 

Residual activity (%) after storage at -20 °C for 9 months 





Controls 


Present invention 


None 


Mannltol 


Sucrose 


Sorbitol 


Trehalose 


AST 


92 


98 


98 


101 


102 


ALT 


66 


90 


96 


100 


102 


7-GTP 


101 


102 


98 


101 


101 


ALP 


87 


98 


76 


102 


102 


CK 


95 


91 


97 


100 


100 


LDH 


94 


101 


97 


102 


102 



[0076] As shown in Table 7, when the samples were stored at -20 °C for 9 months, with respect to the samples 
containing no saccharide, the respective activities of AST, ALT, ALP, CK and LDH were caused to lower by 8 to 34 % 
as compared to the original activities. With respect to the samples having mannitol added thereto, the activities of ALT 
and CK were caused to lower by approximately 1 0 % as compared to the original activities. With respect to the samples 
having sucrose added thereto, the respective activities of ALT, ALP and CK were caused to lower by 4 to 24 % as 
compared to the original activities. By contrast, with respect to the samples respectively having sorbitol and trehalose 
added thereto, both of which are the stabilized enzyme compositions of the present invention, almost no lowering of 
the activity of each of the enzymes contained therein was observed. 

[0077] Further, with respect to the'above-mentioned samples respectively having sorbitol and trehalose added there- 
to, comparison was made between the residual activities of enzymes of a sample stored at 5 °C for 1 week after 
preparation thereof and those of a sample which was stored in a frozen form at -20 °C for 9 months and then subjected 
to thawing, followed by storage at 5 °C for 1 week after the thawing. The results are shown in Table 8. 
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Table 8 

Residual activity (%) after storage at 5 °C for 7 days 
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thawed 
after the 
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99 
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99 


100 


35 
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100 



[0078] As shown in Table 8, almost no difference in the residual activity was observed between the samples imme- 
40 diately after preparation and the samples thawed after freezing. The samples which were thawed after the storage at 
-20 °C for 9 months were stable upon storage at 5 °C for 1 week, similarly to the samples immediately after preparation. 

INDUSTRIAL APPLICABILITY 

45 [0079] The enzyme composition of the present invention-comprising an enzyme component comprising at least two 
enzymes selected from the group consisting of alkaline phosphatase, creatine kinase and alanine aminotransferase; 
and a stabilizer component comprising effective stabilizing amounts of an albumin, and at least one saccharide selected 
from the group consisting of trehalose and sorbitol, shows almost no lowering of enzymatic activity, with respect to all 
enzymes contained therein, for at least one week when it is stored at 2 to 8 °C after preparation, for at least 1 5 months 

50 when it is frozen at -20 °C or lower, and for at least one week even when it is stored at 2 to 8 °C after thawing. This 
indicates that the enzyme composition of the present invention has extremely excellent storage stability. Therefore, 
the enzyme composition of the present invention can be advantageously used for the purpose of checking the precision 
in measurement, correcting measured values and calibrating the amount and activity of an enzyme, in a clinical ex- 
amination for measuring the enzymatic activity in a sample, such as serum or the like. 

55 
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Claims 

1. A stabilized enzyme composition for use in clinical examination, comprising: 

(a) an enzyme component comprising at least two enzymes selected from the group consisting of alkaline 
phosphatase, creatine kinase and alanine aminotransferase; 

(b) a stabilizer component comprising effective stabilizing amounts of an albumin, and at least one saccharide 
selected from the group consisting of trehalose and sorbitol; and 

(c) an aqueous medium having dissolved therein said components (a) and (b). 

2. The composition according to claim 1 , wherein said enzyme component (a) further comprises at least one additional 
enzyme selected from the group consisting of aspartate aminotransferase, lactate dehydrogenase and y-glutamyl 
transpeptidase. 

3. The composition according to claim 2, wherein said enzyme component (a) comprises alkaline phosphatase, cre- 
atine kinase and alanine aminotransferase and, as additional enzymes, aspartate aminotransferase, lactate de- 
hydrogenase and y-glutamyl transpeptidase. 

4. The composition according to claim 1, wherein, when selected as a constituent of said enzyme component (a), 
said alkaline phosphatase is present in a concentration of from 9 to 6500 U, said creatine kinase is present in a 
concentration of from 6 to 4000 U, and said alanine aminotransferase is present in a concentration of from 3 to 
1 1 50 U, each per liter of said composition. 

5. The composition according to claim 1, wherein, with respect to said stabilizer component (b), said albumin is 
present in a concentration of from 0.3 to 7 (w/v)%, and said at least one saccharide is present in a concentration 
of from 2 to 15 (w/v)%, each based on the volume of said composition. 

6. The composition according to claim 4 or 5, wherein said enzyme component (a) further comprises at least one 
additional enzyme selected from the group consisting of aspartate aminotransferase, lactate dehydrogenase and 
Y-glutamyl transpeptidase, wherein, when selected as said additional enzyme, said aspartate aminotransferase is 
present in a concentration of from 3 to 1150 U, said lactate dehydrogenase is present in a concentration of from 
8 to 4000 U, and said y-glutamyl transpeptidase is present in a concentration of from 2 to 1200 U, each per liter 
of said composition. 

7. The composition according to claim 1 , wherein each of said at least two enzymes of said enzyme component (a) 
is obtained from a biological material, derived from a human body, containing said enzyme; from a culture of aells, 
derived from human, capable of producing said enzyme; or from a culture of transformed cells, into which a human 
gene coding for said enzyme has been integrated by gene recombination technique, capable of producing said 
enzyme. 

8. The composition according to claim 2, wherein said at least one additional enzyme of said enzyme component (a) 
is obtained from a biological material, derived from a human body, containing said enzyme; from a culture of cells, 
derived from human, capable of producing said enzyme; or from a culture of transformed cells, to which a human 
gene coding for said enzyme has been integrated by gene recombination technique, capable of producing said 
enzyme. 

9. The composition according to claim 1 , which is in a liquid form or in a frozen form. 

10. The composition according to claim 9, which has a specific gravity of from 1 .015 to 1 .030 at 25 °C, and a viscosity 
of from 1.05 to 1.40 cP at 37 °C, each as directly measured when said composition is in a liquid form, or as 
measured after thawing said composition when said composition is in a frozen form. 



Patentanspruche 

1. Stabilisierte Enzym-Zusammensetzung zur Verwendung in der klinischen Untersuchung, umfassend: 

(a) einen Enzym-Bestandteil, umfassend mindestens zwei Enzyme, die aus der Gruppe ausgewahlt sind, 
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welche aus alkalischer Phosphatase, Kreatin-Kinase und Alanin-Aminotransferase besteht; 

(b) einen Stabilisatorbestandteil, umfassend wirksame stabilisierende Mengen eines Albumins, und minde- 
stens ein Saccharid, das aus der Gruppe ausgewahlt ist, welche aus Trehalose und Sorbitol besteht; und 

(c) ein waGriges Medium, in dem die besagten Komponenten (a) und (b) gelost sind. 

2. Zusammensetzung nach Anspruch 1, wobei der besagte Enzym-Bestandteil (a) ferner umfaGt mindestens ein 
zusatzliches Enzym, das aus der Gruppe ausgewahlt ist, welche aus Aspartat-Aminotransferase, Lactat-Dehydro- 
genase und y-Glutamyl-Transpeptidase besteht. 

3. Zusammensetzung nach Anspruch 2, wobei besagter Enzym-Bestandteil (a) umfaGt alkalische Phosphatase, 
Kreatin-Kinase und Alanin-Aminotransferase, sowie als zusatzliche Enzyme Aspartat-Aminotransferase, Lactat- 
Dehydrogenase und y-Glutamyl-Transpeptidase. 

4. Zusammensetzung nach Anspruch 1, wobei, falls sie als Bestandteil des besagten Enzym-Bestandteils (a) aus- 
gewahlt werden, besagte alkalische Phosphatase in einer Konzentration von 9 bis 6500 U vorliegt, besagte Kreatin- 
Kinase in einer Konzentration von 6 bis 4000 U vorliegt, und besagte Alanin-Aminotransferase in einer Konzen- 
tration von 3 bis 1150 U vorliegt, jeweils pro Liter der besagten Zusammensetzung. 

5. Zusammensetzung nach Anspruch 1 , wobei in bezug auf den besagten Stabilisator-Bestandteil (b), besagtes Al- 
bumin in einer Konzentration von 0,3 bis 7 Gew.-% vorliegt, und besagtes mindestens ein Saccharid in einer 
Konzentration von 2 bis 15 Gew.-% vorliegt, jeweils auf das Volumen der besagten Zusammensetzung bezogen. 

6. Zusammensetzung nach Anspruch 4 oder 5, wobei der besagte Enzym-Bestandteil (a) ferner umfaGt mindestens 
ein zusatzliches Enzym, das aus der Gruppe ausgewahlt ist, die aus Aspartat-Aminotransferase, Lactat-Dehydro- 
genase und y-Glutamyl-Transpeptidase besteht, wobei, falls sie als besagtes zusatzliches Enzym ausgewahlt wer- 
den, besagte Aspartat-Aminotransferase in einer Konzentration von 3 bis 1150 U vorliegt, besagte Lactat-Dehy- 
drogenase in einer Konzentration von 8 bis 4000 U vorliegt und besagte y-Glutamyl-Transpeptidase in einer Kon- 
zentration von 2 bis 1200 U vorliegt, jeweils pro Liter der besagten Zusammensetzung. 

7. Zusammensetzung nach Anspruch 1 , wobei jedes der besagten mindestens zwei Enzyme des besagten Enzym- 
Bestandteils (a) aus biologischem Material gewonnen wird, das vom menschlichen Korper abstammt, der dieses 
Enzym enthalt; aus einer Zellkultur, die sich vom Menschen ableitet, die imstande ist, das besagte Enzym herzu- 
stellen; oder aus einer Kultur transformierter Zellen, in die ein menschliches Gen, das fur das besagte Enzym 
codiert, durch rekombinante Gentechnologie integriert wurde, das imstande ist, das besagte Enzym herzustellen. 

8. Zusammensetzung gemaG Anspruch 2, wobei besagtes mindestens ein zusatzliches Enzym des besagten Enzym- 
Bestandteils (a) aus biologischem Material gewonnen wird, das vom menschlichen Korper abstammt, der dieses 
Enzym enthalt; aus einer Zellkultur, die sich vom Menschen ableitet, die imstande ist, das besagte Enzym herzu- 
stellen; oder aus einer Kultur transformierter Zellen, in die ein menschliches Gen, das fur das besagte Enzym 
codiert, durch rekombinante Gentechnologie integriert wurde, das imstande ist, das besagte Enzym herzustellen. 

9. Zusammensetzung nach Anspruch 1 , die sich in einer flussigen Form oder in einer gefrorenen Form befindet. 

10. zusammensetzung gemaG Anspruch 9, die eine spezifische Dichte von 1,015 bis 1,030 bei 25 °C besitzt, sowie 
eine Viskositat von 1 ,05 bis 1 ,40 cP bei 37 °C, jeweils direkt gemessen, falls die besagte Zusammensetzung sich 
im flussigen Zustand befindet, oder gemessen nach Auftauen der besagten Zusammensetzung, falls die besagte 
Zusammensetzung sich in einer gefrorenen Form befindet. 



Revendications 

1. Une composition enzymatique stabilisee destinee a etre utilisee en examen clinique, comprenant: 

(a) une composante enzymatique comprenant au moins deux enzymes choisis dans le groupe constitue de 
la phosphatase alcaline, de la creatine kinase et de I'alanine aminotransferase; 

(b) une composante stabilisante comprenant des quantites stabilisantes efficaces d'une albumine, et au moins 
un saccharide choisi dans le groupe constitue du trehalose et du sorbitol; et 

(c) un milieu aqueux dans lequel les composantes (a) et (b) sont dissoutes. 
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. La composition selon la revendication 1 , dans laquelle la composante enzymatique (a) comprend de plus au moins 
un enzyme supplementaire choisi dans le groupe constitue de I'aspartate aminotransferase, de la lactate dehy- 
drogenase et de la y-glutamyl transpeptidase. 

. La composition selon la revendication 2, dans laquelle la composante enzymatique (a) comprend la phosphatase 
alcaline, la creatine kinase et I'alanine aminotransferase et, comme enzymes supplementaires, I'aspartate amino- 
transferase, la lactate dehydrogenase et la y-glutamyl transpeptidase. 

. La composition selon la revendication 1, dans laquelle, lorsqu'elles sont choisies comme un constituant de la 
composante enzymatique (a), la phosphatase alcaline est presente a une concentration de 9 a 6500 U, la creatine 
kinase est presente a une concentration de 6 a 4000 U, et I'alanine aminotransferase est presente a une concen- 
tration de 3 a 1150 U, chacune par litre de cette composition. 

. La composition selon la revendication 1 , dans laquelle, en ce qui concerne la composante stabilisante (b), I'albu- 
mine est presente a une concentration de 0,3 a 7% (p/v), et au moins un saccharide est present a une concentration 
de 2 a 15% {p/v), chacune de ces valeurs etant basee sur le volume de la composition. 

. La composition selon la revendication 4 ou 5, dans laquelle la composante enzymatique (a) comprend de plus au 
moins un enzyme supplementaire choisi dans le groupe constitue de I'aspartate aminotransferase, la lactate de- 
hydrogenase et la y-glutamyl transpeptidase, dans laquelle, lorsqu'elles sont choisies comme enzyme supplemen- 
taire, I'aspartate aminotransferase est presente a une concentration de 3 a 1150 U, la lactate dehydrogenase est 
preente a une concentration de 8 a 4000 U, et la y-glutamyl transpeptidase est preente a une concentration de 
2 a 1200 U, chacune de ces valeurs par litre de la composition. 

. La composition selon la revendication 1, dans laquelle chacun des enzymes de la composante enzymatique (a) 
ayant au moins deux enzymes est obtenu a partir de materiel biologique provenant d'un corps humain, contenant 
cet enzyme; a partir d'une culture de cellules, d'origine humaine, capable de produire cet enzyme; ou a partir d'une 
culture de cellules transformees, dans lesquelles un gene humain codant pour cet enzyme a ete integre par une 
technique de genie genetique, qui est capable de produire cet enzyme. 

. La composition selon la revendication 2, dans laquelle un enzyme supplementaire de la composante enzymatique 
(a) ayant au moins un enzyme supplementaire est obtenu a partir de materiel biologique provenant d'un corps 
humain et contenant cet enzyme; a partir d'une culture de cellules, d'origine humaine, capable de produire cet 
enzyme; ou a partir d'une culture de cellules transformees, dans lesquelles un gene humain codant pour cet en- 
zyme a ete integre par une technique de genie genetique, qui est capable de produire ce ou ces enzymes. 

. La composition selon la revendication 1 , qui est sous une forme liquide ou sous une forme congelee. 

0. La composition selon la revendication 9, qui a une densite speifique de 1 ,01 5 a 1 ,030 a 25°C et une viscosite de 
1,05 a 1,40 cP a 37°C, chacune ainsi que mesuree directement lorsque cette composition est sous une forme 
liquide, ou ainsi que mesuree apre avoir decongele cette composition lorsque cette composition est sous une 
forme congelee. 
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